Maternal and familial correlates of anthropometric typologies in the nutrition transition of Colombia, 2000–2010 by Parra, Diana C et al.




Maternal and familial correlates of anthropometric






Anne K. Sebert Kuhlmann
See next page for additional authors
Follow this and additional works at: https://digitalcommons.wustl.edu/open_access_pubs
Authors
Diana C. Parra, Luis F. Gomez, Lora Iannotti, Debra Haire-Joshu, Anne K. Sebert Kuhlmann, and Ross C.
Brownson
Maternal and familial correlates of anthropometric typologies
in the nutrition transition of Colombia, 2000–2010
Diana C Parra1,2,*, Luis F Gomez3, Lora Iannotti4, Debra Haire-Joshu5,
Anne K Sebert Kuhlmann6 and Ross C Brownson7,8
1Program of Physical Therapy, Washington University in St. Louis School of Medicine, 4444 Forest Park Avenue,
St. Louis, MO 63108, USA: 2Department of Surgery, Rosario University, Bogota, Colombia: 3Facultad de Medicina,
Pontiﬁcia Universidad Javeriana, Bogotá, Colombia: 4Brown School, Washington University in St. Louis, St. Louis,
MO, USA: 5Center For Diabetes Translation Research, Brown School, Washington University in St. Louis, St. Louis,
MO, USA: 6College for Public Health & Social Justice, Saint Louis University, St. Louis, MO, USA: 7Prevention
Research Center in St. Louis, Brown School, Washington University in St. Louis, St. Louis, MO, USA: 8Division of
Public Health Sciences and Alvin J. Siteman Cancer Center, Department of Surgery, Washington University School of
Medicine, Washington University in St. Louis, St. Louis, MO, USA
Submitted 17 May 2017: Final revision received 6 February 2018: Accepted 24 April 2018: First published online 1 June 2018
Abstract
Objective: We aimed to assess the maternal and family determinants of four
anthropometric typologies at the household level in Colombia for the years 2000,
2005 and 2010.
Design: We classiﬁed children <5 years old according to height-for-age Z-score
(<−2) and BMI-for-age Z-score (>2) to assess stunting and overweight/obesity,
respectively; mothers were categorized according to BMI to assess underweight
(<18·5 kg/m2) and overweight/obesity (≥25·0 kg/m2). At the household level, we
established four ﬁnal anthropometric typologies: normal, underweight, over-
weight and dual-burden households. Separate polytomous logistic regression
models for each of the surveyed years were developed to examine several
maternal and familial determinants of the different anthropometric typologies.
Setting: National and sub-regional (urban and rural) representative samples from
Colombia, South America.
Subjects: Drawing on data from three waves of Colombia’s Demographic and
Health Survey/Encuesta Nacional de Salud (DHS/ENDS), we examined individual
and household information from mothers (18–49 years) and their children (birth–
5 years).
Results: Higher parity was associated with an increased likelihood of overweight
and dual burden. Higher levels of maternal education were correlated with lower
prevalence of overweight, underweight and dual burden of malnutrition in all data
collection waves. In 2010, participation in nutrition programmes for children
<5 years, being an indigenous household, food purchase decisions by the mother
and food security classiﬁcation were also associated with the four anthropometric
typologies.
Conclusions: Results suggest that maternal and family correlates of certain
anthropometric typologies at the household level may be used to better frame








The association between family socio-economic status (SES)
and undernutrition in low- and middle-income countries(1–4)
has been documented in several observational studies.
Generally, malnourishment is more common among chil-
dren and adolescents from households with low SES com-
pared with children and adolescents from households that
are more afﬂuent(5). This association can be partly explained
by inadequate access to high-quality food, which itself is
largely determined by household income. Another impor-
tant explanation is that poor households have limited access
to basic services like sanitation and potable water, which
have a detrimental effect on the child’s health and nutritional
status(6,7). There is evidence of an increasingly inverse
relationship between SES and the prevalence of overweight
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and obesity in middle-income countries, mainly among
women(8–11). A systematic review conducted by Dinsa
et al.(12) found that in low-income countries or in countries
with a low Human Development Index, the association
between SES and obesity appears to be positive for both
men and women: that is, the more afﬂuent and/or those
with higher educational attainment are more likely to be
obese. However, in middle-income countries or in countries
with a medium Human Development Index, the association
becomes mixed for men and mainly negative for women.
Higher prevalence of overweight has also been documented
among disadvantaged and vulnerable population groups
such as indigenous people in low- and middle-income
countries(11,13,14). This transition, which has already occur-
red in many other countries (e.g. the USA, Mexico and
Brazil), is currently underway in Colombia. Overweight and
obesity are growing at a faster rate among the most dis-
advantaged groups in Colombia including low-SES, indi-
genous and rural households(15).
There is also a large body of evidence on how maternal
characteristics determine malnutrition status of the child,
both for undernutrition and overweight/obesity. Mal-
nutrition determinants that have been explored in prior
studies include maternal age, maternal weight, maternal
education, parity and indigenous ethnicity(16–18). McDo-
nald et al.(19) found that low maternal parity was positively
associated with childhood overweight in Bogota. Another
study found higher levels of mother’s education to be
highly correlated with a lower prevalence of stunting(16).
This same study found that mother’s overweight was
positively associated with overweight of the child(16).
A study conducted among four Andean countries,
including Colombia, found that prevalence of stunting
among the indigenous population was at least three times
higher than among non-indigenous populations(20).
Regarding maternal age, data from a large cohort study
from low- and middle-income countries found that older
maternal age was associated with less stunting(21).
Family dynamics such as composition of the family and
work status of the mother have been found to be asso-
ciated with a child’s nutritional status. A study conducted
by Crepinsek et al. found that children and adolescents
whose mothers worked full time had lower diet quality
and variety, with reduced consumption of ﬁbre and Fe,
and higher consumption of soft drinks and packaged
foods(22). A recent study conducted in Bogota among 7000
school-aged children found that those from high SES
under their grandparents’ care were more likely to be
undernourished than children not under grandparents’
care, likely due to consumption of less food and also less
nutritious foods by the former group(23).
Another study conducted in Bogota revealed that parity,
maternal age and single-parent households were posi-
tively related with household food insecurity and inversely
related to household income and home assets. In this
same study, children from families with food insecurity
were more likely to be underweight than those from food-
secure families and household hunger was positively
associated with underweight mothers(24). In the Colombia
region of Antioquia, Hackett et al. found that household
food insecurity was positively associated with child
stunting and underweight(25).
Despite this evidence, the majority of studies conducted
in Colombia have examined the determinants of the
nutrition transition at the individual level; very few have
explored this issue considering typologies of nutritional
status at the household level. In addition, there is not a
clear understanding of how the relationships of the familial
and household determinants have changed over time,
which can provide insights to guide policy actions.
Moreover, only a few studies have focused on the dual
burden of malnutrition in Colombia, and none of these
have established differences between socio-economic
characteristics.
The goal of the present study was to assess several
maternal and familial determinants of the different
anthropometric typologies in the nutrition transition at the
household level in 2000, 2005 and 2010. Variables inclu-
ded in the analyses were selected according to existing
evidence from Colombia(15,16,18,19,24–26). For the year 2010,
we were also able to examine additional variables intro-
duced that year, including the correlation between pur-
chasing decisions at the household level, participation in
government-subsidized nutrition programmes for children




We performed a secondary data analysis of three cross-
sectional, nationally representative samples using the
Demographic and Health Surveys/Encuesta Nacional de
Salud (DHS/ENDS 2000, 2005 and 2010) from Colombia.
The DHS are a series of surveys collected every 5 years to
identify health, mental health, women’s empowerment,
and problems associated with sexual and reproductive
health. For the years 2005 and 2010 the DHS was linked to
Colombia’s National Nutrition Survey, a survey assessing
population nutrition. Household and individual ques-
tionnaires include questions on housing and living con-
ditions and on the characteristics of all persons living
within the household. Information on maternal variables
and information from all children aged 5 years or younger
were used in the current analysis. Objectively measured
anthropometric indicators of mothers aged 18–49 years
and of children aged 5 years or younger were also gath-
ered during these surveys and used in the current analysis.
These surveys used a probabilistic, multistage, stratiﬁed
cluster sampling design to identify and select sampling
units, households and individuals, which guaranteed
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national and sub-regional representativeness. There was a
lower representation from high-SES households in the
surveys, which reﬂects the actual distribution of this
population group in the country (less than 6%). Response
rates ranged from 74·3 to 85·0% for BMI measures.
Detailed information about the sampling design for the
DHS in Colombia can be found elsewhere(27).
The present analysis used information from children
younger than 5 years of age and their mothers aged 18 to
49 years (excluding pregnant women and homes with
more than one eligible mother).
Measures and variables
Weight and height were measured directly by trained DHS
staff, using standardized measuring equipment. Weight
was measured to the nearest 1·0 kg, with participants
wearing light clothing and without shoes, using a digital
weighing scale (SECA model 770, Brooklyn, NY, USA).
Height was measured to the nearest 1·0 cm using a por-
table stadiometer (Shorr Productions, Olney, MD, USA).
Length was measured (in the prone position) in children
under 2 years old and height was measured (in the
standing position) in children aged 2 years or older.
Dependent variables
Nutritional status of children. First, all children aged 0–5
years from eligible households were classiﬁed according
to height-for-age Z-score (HAZ) to assess stunting
(HAZ< − 2). Overweight and obesity in children was
determined using a BMI-for-age Z-score (BMIZ) cut-off point
of >2 according to the WHO guidelines(28).
Nutritional status of mothers. Mothers’ BMI was deter-
mined using the WHO cut-off points as underweight
(<18·5 kg/m2), overweight (25·0–29·9 kg/m2) or obese
(≥30·0 kg/m2). The categories of overweight and obese
were merged.
Anthropometric typologies. Four mutually exclusive
categories were developed based on child and maternal
nutritional status. To derive these categories, nineteen
possible combinations of anthropometric status were
obtained and were grouped according to the most pre-
valent distribution within the category. More information
about how each category was classiﬁed and obtained can
be found elsewhere(16).
1. Normal households: No stunting or obesity among any
of the children, and the mother has a normal BMI.
2. Underweight households: At least one child is stunted,
the remaining children can be normal, and the mother
is underweight.
3. Overweight households: At least one child is obese, the
remaining children can be normal, and the mother is
overweight/obese or normal.
4. Dual-burden households: At least one child is stunted,
the remaining children can be normal, and the mother
is overweight/obese.
Independent variables
Maternal variables. Several maternal variables were
included in the present study. They were categorized into
different groups depending on prior studies exploring
similar topics, as well as based on the efﬁciency of the
statistical models. These variables were maternal age
(categorized in three groups: 18–30, 31–39 and 40–49
years), maternal education (categorized in three groups:
no formal education, elementary school and high school
or more) and maternal parity (classiﬁed as one child v. two
or more children).
Family variables. Family variables included in the pre-
sent study were area of residence (urban v. rural), indi-
genous household (yes v. no), female head of household
(yes v. no) and household economic status (measured
with a wealth index proposed by Rutstein and Johnson(29)
and developed for use in DHS). The wealth index assesses
the presence in the household of a range of assets, such as
television, type of ﬂooring, water supply, refrigerator,
electricity, radio, television and domestic servant. The
index is then estimated via principal components. For the
present study, we used the following quintile categories of
the wealth index already calculated and included in the
survey: ﬁrst (poorest), second and third (middle), and
fourth and ﬁfth (richest). Food purchase decisions were
deﬁned taking account of who in the home decides which
foods to purchase (mother, father, other). Food security
was measured with the scale developed and adapted by
Alvarez et al.(30) in 1624 homes in the State of Antioquia,
Colombia, that was also used and validated by Lorenzana
and Mercado(31) in Venezuela. The scale is based on the
original scale developed by Wehler et al.(32) and classiﬁes
homes as food secure, low food insecurity, moderate food
insecurity and severe food insecurity. Family type was
categorized into two groups: nuclear (mother, father, and
children) v. extended (grandparents, uncles, aunts, etc.)
Participants were also asked if they had received assis-
tance from government nutrition programmes for children
under 5 years old; this variable was categorized as yes
v. no.
Data analysis
Polytomous logistic regression models were conducted
exploring the associations between household anthropo-
metric typologies and several maternal and family deter-
minants for 2000, 2005 and 2010, including maternal age,
maternal education, mother’s parity, wealth index, area of
residence, family type and female head of household,
using normal households as the reference category.
Additional variables entered in the model for the year 2010
(the only year where this information was available)
included indigenous ethnicity, food security classiﬁcation,
food purchase decisions and participation in government
nutrition programmes for children younger than 5 years.
OR and 95% CI were calculated to test for statistical
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signiﬁcance. Collinearity between variables was assessed
by calculating variance inﬂation factors and correlation
coefﬁcients. None of the variables included in the models
presented correlation coefﬁcients higher than 0·6 or var-
iance inﬂation factor values higher than 3·2. A P value
greater than 0·05 and less than 0·10 was used to determine
marginal statistical signiﬁcance, while a P value less than
0·05 determined statistical signiﬁcance(33). All analyses
accounted for the complex sampling design and used the
appropriate sampling weights. The statistical software
package Stata version 12 was used for all statistical analyses.
Results
Descriptive characteristics of the sample for all three DHS/
ENDS (2000, 2005 and 2010) are presented in Table 1. The
majority of the sample (59% in 2000, 60% in 2005, 61% in
2010) was classiﬁed in the 18–30 years category for
maternal age. In 2000, 15% of the sample was classiﬁed in
the highest quintile category of the wealth index, while
22 and 24% were classiﬁed in the lowest and the second
quintile, respectively. The distribution did not change
signiﬁcantly from the second to the highest wealth quin-
tile, but the percentage of the population in the lowest
wealth quintile was higher in 2010 at 33% of the sample.
Determinants of anthropometric typologies in the
year 2000
As shown in Table 2, families in the second-highest wealth
category (OR= 0·5; 95% CI 0·2, 0·8) were less likely to be
classiﬁed as underweight typology compared with normal
typology. Parity (two or more children: OR= 1·6; 95%
CI 1·3, 2·0) and maternal age (31–39 years: OR= 1·8; 95%
CI 1·4, 2·1; 40–49 years: OR= 2·4; 95% CI 1·5, 3·6) were
associated with the prevalence of overweight anthropo-
metric typology compared with normal typology. The sec-
ond (OR= 1·4; 95% CI 1·0, 2·0), third (OR=1·4; 95% CI 1·0,
2·1), fourth (OR= 1·8; 95% CI 1·1, 2·7) and ﬁfth (OR=1·6;
95% CI 1·0, 2·5) wealth index categories were positively
associated with the likelihood of being classiﬁed in the
Table 1 Descriptive characteristics of the sample of mothers (18–49 years) and their children (birth–5 years) from three waves of the
Demographic and Health Survey/Encuesta Nacional de Salud (DHS/ENDS) in Colombia
2000 2005 2010
n or Mean % or SD n or Mean % or SD n or Mean % or SD
Anthropometric typology
Normal 1182 41·1 3574 41·9 4301 39·3
Overweight 1090 38·5 3289 38·2 5085 45·3
Underweight 394 13·1 1158 13·0 1250 10·0
Dual burden 210 7·1 577 7·0 713 5·1
Maternal age
18–29 years 1843 59 5675 60 7017 61
30–39 years 1091 35 3196 34 3678 32
40–49 years 188 6 565 6 835 7
Wealth index quintile
Lowest 719 22 2367 25 3850 33
Second 774 24 2651 28 3131 27
Middle 732 22 2090 22 2230 19
Fourth 552 17 1420 15 1449 13
Highest 490 15 908 10 870 8
Area of residence
Urban 2272 70 6697 71 7522 65
Rural 995 30 2739 29 4008 35
Maternal education
No formal education 111 4 335 4 277 2
Elementary 2029 65 5458 58 6122 53
High school or more 982 31 3643 38 5131 45
Female head of household 681 21 2133 23 2966 26
Family type
Nuclear 1669 54 5372 57 6890 60
Extended 1453 46 4064 43 4640 40
Household size, mean and SD 5·5 2·3 5·3 2·1 5·1 1·8
Children <5 years, mean and SD 1·3 0·6 1·3 0·5 1·2 0·5
Food purchase decisions (mother) – – – – 8836 77
Food security
Secure – – – – 3895 34
Low insecurity – – – – 4628 40
Moderate insecurity – – – – 1885 16
Severe insecurity – – – – 1116 10
Indigenous household – – – – 1384 12
Participates in nutrition programme for children <5 years – – – – 5961 52
Data presented are n and % unless indicated otherwise.
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overweight typology compared with normal typology. The
larger the household size (OR=1·1; 95% CI 1·0, 1·2) and the
greater the number of children younger than 5 years
(OR=1·9; 95% CI 1·4, 2·6) residing in the house, the greater
the likelihood to be classiﬁed in the dual-burden typology.
Determinants of anthropometric typologies in the
year 2005
As shown in Table 3, maternal education of high school or
more (OR= 0·6; 95% CI 0·3, 0·9) was associated with a
lower likelihood of being classiﬁed in the underweight
typology compared with normal typology. Families in the
second (OR= 0·7; 95% CI 0·5, 0·8), third (OR= 0·5; 95% CI
0·4, 0·7), fourth (OR= 0·5; 95% CI 0·3, 0·7) and ﬁfth
(OR= 0·2; 95% CI 0·1, 0·4) wealth index categories were
less likely to be classiﬁed in the underweight typology
compared with normal typology. Having two or more
children (OR= 1·6; 95% CI 1·3, 1·8) signiﬁcantly increased
the likelihood that a home was classiﬁed in the overweight
typology v. normal typology. Homes with mothers classi-
ﬁed in the elementary category of education were more
likely to be classiﬁed in the overweight typology com-
pared with normal typology (OR= 1·4; 95% CI 1·0, 2·0).
As maternal age increased (31–39 years: OR= 1·6; 95%
CI 1·4, 1·8; 40–49 years: OR= 2·0; 95% CI 1·5, 2·6) there
was a greater likelihood that a household would be clas-
siﬁed in the overweight typology. The second (OR= 1·3;
95% CI 1·0, 1·6), third (OR= 1·4; 95% CI 1·0, 1·7), fourth
(OR= 1·5; 95% CI 1·2, 2·0) and ﬁfth (OR= 1·5; 95% CI 1·1,
2·0) wealth index categories were positively associated
with the likelihood of being classiﬁed in the overweight
typology compared with normal typology.
Maternal parity of two or more children (OR= 2·2; 95%
CI 1·4, 3·2) was associated with a higher likelihood of
being classiﬁed as a dual-burden household compared
with a normal household. Homes with maternal education
of high school or more (OR= 0·6; 95% CI 0·3, 1·0) were
less likely to be classiﬁed in the dual-burden typology
compared with normal typology. Homes in the highest
wealth index quintile (OR= 0·5; 95% CI 0·2, 0·9) were less
likely to be classiﬁed as a dual-burden household com-
pared with a normal household. The greater the number of
children younger than 5 years residing in the household
(OR= 2·2; 95% CI 1·8, 2·8), the more likely to be classiﬁed
in the dual-burden typology.
Determinants of anthropometric typologies in the
year 2010
As shown in Table 4, maternal parity of two or more
children (OR= 0·8; 95% CI 0·6, 0·9) was negatively
Table 2 Maternal and familial determinants of anthropometric typologies compared with normal typology in 2000 (n 2863), Demographic and
Health Survey/Encuesta Nacional de Salud (DHS/ENDS) in Colombia
Underweight typology (n 1090) Overweight typology (n 1576) Dual-burden typology (n 210)
Adjusted OR† 95% CI Adjusted OR† 95% CI Adjusted OR† 95%CI
Maternal indicators
Parity
One child Ref. Ref. Ref.
Two or more children 1·2 0·8, 1·6 1·6*** 1·3, 2·0 1·5 0·9, 2·4
Education
No education Ref. Ref. Ref.
Elementary 1·3 0·7, 2·4 1·1 0·6, 1·8 1·6 0·7, 3·5
High school or more 0·9 0·5, 1·9 0·9 0·5, 1·7 0·9 0·4, 2·4
Age
18–30 years Ref. Ref. Ref.
31–39 years 1·1 0·7, 1·4 1·8*** 1·4, 2·1 1·2 0·9, 1·4
40–49 years 0·9 0·4, 1·7 2·4*** 1·5, 3·6 1·3*** 0·9, 1·8
Family indicators
Wealth index quintile
Lowest Ref. Ref. Ref.
Second 1·1 0·7, 1·6 1·4** 1·0, 2·0 1·3 0·7, 2·0
Middle 0·7 0·4, 1·2 1·4* 1·0, 2·1 0·9 0·4, 1·7
Fourth 0·5** 0·2, 0·8 1·8** 1·1, 2·7 0·7 0·3, 1·3
Highest 0·6(*) 0·3, 1·1 1·6* 1·0, 2·5 0·5 0·2, 1·2
Area of residence
Urban Ref. Ref. Ref.
Rural 1·0 0·7, 1·4 1·2 0·8, 1·6 1·1 0·6, 1·7
Female head of household 1·0 0·7, 1·4 0·8* 0·6, 1·0 0·8 0·5, 1·3
Household size 1·1** 1·0, 1·2 0·9 0·9, 1·0 1·1** 1·0, 1·2
Children <5 years 2·1*** 1·5, 2·6 0·9 0·7, 1·1 1·9*** 1·4, 2·6
Family type
Nuclear Ref. Ref. Ref.
Extended 0·9 0·6, 1·2 0·9 0·7, 1·2 0·9 0·5, 1·3
Ref., reference category.
(*)P< 0·1, *P< 0·05, **P< 0·01, ***P< 0·001.
†Adjusted by all variables included in the models.
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associated with the likelihood of being classiﬁed in the
underweight typology compared with normal typology.
High school or more maternal education (OR= 0·3; 95%
CI 0·2, 0·6) was associated with a lower likelihood of being
classiﬁed as an underweight household. Families in the
highest wealth index category (OR= 0·6; 95% CI 0·3, 0·9)
were less likely to be classiﬁed as an underweight
household compared with normal households. Homes
where food purchasing decisions were made by the
mother (OR= 1·2; 95% CI 1·0, 1·5) were more likely to be
classiﬁed as an underweight household. Households
classiﬁed as indigenous (OR= 2·1; 95% CI 1·5, 2·7) were
more likely to be classiﬁed in the underweight typology.
Having two or more children (OR= 1·5; 95% CI 1·3, 1·7)
increased the likelihood that a home would be classiﬁed in
the overweight typology v. normal typology. As maternal
age increased (31–39 years: OR= 1·5; 95% CI 1·3, 1·7;
40–49 years: OR= 2·1; 95% CI 1·6, 2·6) there was a greater
likelihood that a household would be classiﬁed in the
overweight typology. Homes where food purchasing
decisions were made by the mother (OR= 0·8; 95% CI 0·6,
0·8) were less likely to be classiﬁed as an overweight
household. Homes classiﬁed as indigenous (OR= 1·4;
95% CI 1·1, 1·8) were more likely to be classiﬁed as an
overweight household.
Maternal parity of two or more children (OR= 1·4; 95%
CI 1·0, 1·9) was associated with a higher likelihood of
being classiﬁed as a dual-burden household compared
with a normal household. As maternal age increased
(31–39 years: OR= 1·4; 95% CI 1·1, 1·8; 40–49 years:
OR= 1·8; 95% CI 1·0, 2·8), so did the likelihood that
a household would be classiﬁed in the dual-burden
typology. Homes where food purchasing decisions were
made by the mother (OR= 0·5; 95% CI 0·3, 0·7) were less
likely to be classiﬁed as a dual-burden household. Homes
in the category of moderate food insecurity (OR= 1·6;
95% CI 1·1, 2·3) were more likely to be classiﬁed as a dual-
burden typology household compared with normal
typology household. Finally, homes classiﬁed as indigen-
ous (OR= 2·1; 95% CI 1·4, 3·0) were more likely to be
classiﬁed as a dual-burden household.
Discussion
The present study found several maternal and family
characteristics to be associated with various anthropo-
metric typologies (namely overweight, underweight and
the dual burden of malnutrition) at the household level.
The degree and signiﬁcance of the associations varied
Table 3 Maternal and familial determinants of anthropometric typologies compared with normal typology in 2005 (n 8588), Demographic and
Health Survey/Encuesta Nacional de Salud (DHS/ENDS) in Colombia
Underweight typology (n 1158) Overweight typology (n 3289) Dual-burden typology (n 577)
Adjusted OR† 95% CI Adjusted OR† 95% CI Adjusted OR† 95% CI
Maternal indicators
Parity
One child Ref. Ref. Ref.
Two or more children 0·9 0·7, 1·2 1·6*** 1·3, 1·8 2·2*** 1·4, 3·2
Education
No education Ref. Ref. Ref.
Elementary 0·7 0·5, 1·1 1·4* 1·0, 2·0 0·8 0·4, 1·2
High school or more 0·6** 0·3, 0·9 1·4(*) 0·9, 2·1 0·6* 0·3, 1·0
Age
18–30 years Ref. Ref. Ref.
31–39 years 0·8(*) 0·6, 1·0 1·6*** 1·4, 1·8 1·4* 1·0, 1·8
40–49 years 0·8 0·5, 1·3 2·0*** 1·5, 2·6 2·1*** 1·3, 3·5
Family indicators
Wealth index quintile
Lowest Ref. Ref. Ref.
Second 0·7*** 0·5, 0·8 1·3** 1·0, 1·6 0·9 0·6, 1·2
Middle 0·5*** 0·4, 0·7 1·4** 1·0, 1·7 0·9 0·6, 1·4
Fourth 0·5*** 0·3, 0·7 1·5*** 1·2, 2·0 0·6 0·3, 1·1
Highest 0·2*** 0·1, 0·4 1·5** 1·1, 2·0 0·5* 0·2, 0·9
Area of residence
Urban Ref. Ref. Ref.
Rural 0·9 0·7, 1·1 1·2* 1·0, 1·4 1·3 0·9, 1·7
Female head of household 0·9 0·7, 1·1 0·8* 0·7, 0·9 0·9 0·6, 1·2
Household size 1·1** 1·0, 1·1 0·9 0·9, 1·0 1·1(*) 0·9, 1·1
Children <5 years 2·1*** 1·7, 2·5 0·9 0·8, 1·1 2·2*** 1·8, 2·8
Family type
Nuclear Ref. Ref. Ref.
Extended 0·9 0·7, 1·2 1·1 0·9, 1·2 1·0 0·7, 1·4
Ref., reference category.
(*)P< 0·1, *P< 0·05, **P< 0·01, ***P< 0·001.
†Adjusted by all variables included in the models.
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between 2000, 2005 and 2010. In addition, the direction of
the association varied according to the anthropometric
typology. Overall, maternal variables were more often
correlated with the anthropometric typologies than family-
level indicators. These ﬁndings provide evidence of a
dynamic and complex nutrition transition in Colombia,
which has been taking place over the last decades.
Higher parity was associated with an increased like-
lihood of overweight and dual burden. Similar ﬁndings
have been reported elsewhere in Latin America(34,35).
Coitinho et al. reported a greater retention of weight
among women with two or more children and showed
that parity reduced the effects of weight loss associated
with lactation(34). Similarly, Mansour and Ajeel showed
that body weight progressively and signiﬁcantly increased
with increasing parity(35). A study from Peru found that
multiparous women have a higher BMI as well as higher
rates of overweight and obesity relative to their nullipar-
ous counterparts, and this ﬁnding was more pronounced
among young and rural women and especially those with
two or more children(36). Similarly, maternal obesity has
been associated with the infant’s higher fat mass at birth
and higher abdominal fat accumulation, while a higher
proportion of total fat mass placed abdominally in the
mother has been associated with the infant’s low birth
weight(37,38). These relationships could help explain the
association with the household typologies of overweight
and dual burden. The exact mechanisms of how this phe-
nomenon happens are still not clear. One possible expla-
nation is that overweight and obese mothers are equally
malnourished and may not be providing the necessary
micronutrients to their infants needed for normal linear
growth. Another explanation is related to household envir-
onment and the higher prevalence of high-energy-dense
foods that could promote weight gain in children but that do
not promote linear growth.
Maternal education was an important predictor of
nutritional status of the family. The current study found
that higher levels of maternal education were correlated
with a lower prevalence of overweight, underweight and
the dual burden of malnutrition. Similar ﬁndings have
been reported in other studies from Colombia(16,17),
highlighting the importance of interventions that invest in
maternal education, which directly impacts the nutritional
and health outcomes of children(39). In the present study,
even though having an elementary education level was
Table 4 Maternal and familial determinants of anthropometric typologies compared with normal typology in 2010 (n 11248), Demographic







Adjusted OR† 95% CI Adjusted OR† 95% CI Adjusted OR† 95% CI
Maternal indicators
Parity
One child Ref. Ref. Ref.
Two or more children 0·8* 0·6, 0·9 1·5*** 1·3, 1·7 1·4* 1·0, 1·9
Education
No education Ref. Ref. Ref.
Elementary 0·6(*) 0·3, 1·0 1·2 0·7, 1·8 1·2 0·6, 2·1
High school or more 0·3*** 0·2, 0·6 1·2 0·7, 1·7 0·8 0·4, 1·5
Age
18–30 years Ref. Ref. Ref.
31–39 years 0·8* 0·6, 0·9 1·5*** 1·3, 1·7 1·4*** 1·1, 1·8
40–49 years 1·0 0·6, 1·4 2·1*** 1·6, 2·6 1·8** 1·0, 2·8
Family indicators
Wealth index quintile
Lowest Ref. Ref. Ref.
Second 0·9 0·6, 1·1 1·1 0·9, 1·2 0·7(*) 0·5, 1·0
Middle 0·8 0·5, 1·1 1·1 0·8, 1·3 0·6* 0·4, 0·9
Fourth 0·8 0·5, 1·1 1·1 0·8, 1·4 0·6(*) 0·4, 1·0
Highest 0·6* 0·3, 0·9 1·3(*) 0·9, 1·6 0·7 0·4, 1·3
Area of residence
Urban Ref. Ref. Ref.
Rural 1·0 0·7, 1·3 1·0 0·8, 1·2 0·7(*) 0·5, 1·0
Female head of household 1·1 0·8, 1·2 0·9 0·8, 1·1 1·1 0·8, 1·4
Food purchase decisions by mother 1·2* 1·0, 1·5 0·8*** 0·6, 0·8 0·5*** 0·3, 0·7
Food security
Secure Ref. Ref. Ref.
Low insecurity 1·1 0·8, 1·3 1·0 0·9, 1·1 1·2 0·8, 1·6
Moderate insecurity 1·1 0·8, 1·5 1·0 0·8, 1·2 1·6*** 1·1, 2·3
Severe insecurity 1·1 0·7, 1·4 0·9 0·7, 1·2 1·4 0·8, 2·1
Indigenous household 2·1*** 1·5, 2·7 1·4*** 1·1, 1·8 2·1*** 1·4, 3·0
Family participates in nutrition programmes for children <5 years 0·8(*) 0·7, 1·0 0·9(*) 0·8, 1·0 0·9 0·7, 1·1
Ref., reference category.
(*)P< 0·1, *P< 0·05, **P< 0·01, ***P< 0·001.
†Adjusted by all variables included in the models.
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correlated with a lower prevalence of the overweight
typology, having a high-school education was more con-
sistently associated with a lower likelihood of being clas-
siﬁed in the underweight, overweight and dual-burden
typologies.
Unlike in 2000 and 2005, the wealth index was no
longer associated with the overweight anthropometric
typology in 2010. This could be an indicator of the nutri-
tion transition underway in Colombia, in which higher
purchasing power ceases to be a determinant of over-
weight. Similar trends over time have been reported
and seen in middle-income countries such as Mexico and
Brazil(40). This transition took place earlier in developed
countries such as the USA and the UK. Countries like
Mexico have reported an increase of 2·4% each year in the
population of adult obese women, compared with an
increase of 0·39% in the USA(41). In many countries
around the world, obesity now reﬂects a marker of pov-
erty, especially in places where the food supply is plen-
tiful(42). Although obesity rates are rising among all social
classes, research shows that obesity is often more
prevalent among those with lower SES and is beginning to
be used as an indicator of social disparities(43). The evi-
dence from the present study partly supports this claim.
Similarly, rural residency was found to be positively
associated with overweight in 2005, acting as another
indicator of the nutrition transition, but no association was
found in 2010.
Being classiﬁed as an indigenous household in 2010
was associated with a higher likelihood of underweight,
overweight and the dual burden. Indigenous populations
have often been linked with undernutrition problems in
Colombia, but in other countries from Latin America a
higher prevalence of overweight among this population is
commonly reported(44–46). Research on the prevalence
and consequences of the dual burden of malnutrition,
particularly among indigenous communities, is sporadic.
A study in Guatemala by Ramirez-Zea et al.(47) docu-
mented that the greater prevalence of the dual burden of
malnutrition among indigenous populations could be due
to a combination of environmental and genetic risk factors.
Environmental causes are like the ones experienced by
indigenous populations elsewhere in the world, including
Colombia, and include poverty, poor hygiene, recurrent
infections, overcrowding, and inadequate clinical care and
health promotion. In addition, there could be a higher
genetic susceptibility that can intensify the relationship
between social and environmental disadvantages, increasing
morbidity in indigenous populations(48).
As shown in the current study, Colombia is moving
towards or is already in the midst of a nutrition transition;
in this sense, overweight is beginning to be a problem for
underprivileged and impoverished communities such as
low-SES, rural and indigenous populations. However, it is
likely that despite being overweight or obese, many of
these communities struggle with a deﬁcit of vital and
important micronutrients that allow for normal growth in
children; hence the concomitant association with the dual
burden of malnutrition. Thus, families might have enough
supply of energy but from foods that are of low or no
nutritional value. The ubiquitous presence in low- and
middle-income countries of transnational food corpora-
tions that offer inexpensive, easy-to-prepare, ultra-
processed food options will only worsen this situation(49)
unless preventive and protective measures are taken.
Our analyses revealed a high level of food insecurity
(66% of the sample), similarly to ﬁndings from other studies
of Colombia(24). In one study from Mexico, researchers
found an association between a moderate level of food
insecurity and the dual burden of malnutrition(50). A mod-
erate level of food insecurity indicates that there is a con-
stant feeling of hunger experienced by household adults
but not in children. Other studies have reported similar
associations between food insecurity and the dual burden of
malnutrition(51–54) as well as overweight and obesity(55–58).
This may be due to the same reasons behind the higher
prevalence of overweight among disadvantaged popula-
tions, namely a predominance of low-quality and low-
variety diets that are cheap and increase the likelihood
of overweight and obesity among adults, while at the same
time promoting micronutrient deﬁciencies that affect growth
in children.
Government nutrition assistance programmes known
as conditional cash transfers have been widely imple-
mented in Latin America as a strategy to improve the
health, nutritional and economic outcomes of impover-
ished families. Although these programmes have the
potential to improve nutritional status, they can also be
contributing to obesity and the dual burden of malnutri-
tion by supporting unhealthy diets(59,60). The current
study found that more than half (52%) of the families in
the sample for 2010 were participating in nutrition gov-
ernment programmes for children under 5 years of age;
this is likely due to the high proportion of low-income
families included in the study.
Some limitations of the present study, common in sec-
ondary data analyses, should be noted. These include the
inability to change questions and obtain additional infor-
mation from the respondents. Many of the variables and
information from the surveys used herein were self-
reported and have the well-known sources of error,
including measurement bias and social desirability. Addi-
tionally, it is impossible to establish any causal relation-
ships due to the study’s cross-sectional nature. The use of
large data sets for secondary data analysis can present
some challenges related to the lack of information and
clarity about code books and organization of the variables;
this limitation was minimized by working closely with
the institutions and statisticians who were involved in
the general surveys and in charge of developing the
sampling strategy. However, biases and measurement
issues could have been present in the information from
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the data sets including anthropometric measurements.
A different sampling frame was used in 2000, which limits
the reach of the conclusions for the Orinoquia and Ama-
zonia regions.
Despite these limitations, the present study is important
as it relies on objectively measured anthropometric mea-
sures such as height, weight and length taken by trained
and experienced staff. To our knowledge, the current
study is the ﬁrst published from Colombia, the second
largest country in Latin America, to explore determinants
of various types of malnutrition at the national level and
across time.
Results from the present study indicate the potential for
investment in programmes and policies that enhance
maternal education, reducing socio-economic inequalities
and implementing outreach programmes for rural and
indigenous populations. Programmes and practices that
focus on the premise of health in all policies(61) should be
a priority to tackle issues of malnutrition in the country.
The current study provides important information regard-
ing the nutrition transition in Colombia.
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